Introduction
============

Mitochondria have been recognized in recent years not only as main cellular source of energy in the form of ATP for normal cell function and viability, but also as integral part of multiple cell signalling and a major controller in a variety of important cellular functions \[[@b1]--[@b4]\]. These organelles synthesize different metabolites, control cellular redox potential and participate in different ionic regulations, in particular in calcium homeostasis \[[@b5]\] and play a central role in apoptotic cell death \[[@b4], [@b6]\]. Our understanding of mitochondrial intracellular distribution, morphology and dynamics has been enhanced by advances in fluorescent confocal microscopy that permits real time imaging of these organelles in living cells \[[@b7]--[@b10]\]. This technique has demonstrated that mitochondrial morphology can vary from small spheres or short rod-like shape to long tubules; from interconnected networks to separated distinct electrically non-connected mitochondria \[[@b8], [@b11], [@b12]\]. In the last few years, confocal imaging studies revealed that in many organisms ranging from yeast to human beings, mitochondria are highly dynamic, motile and undergo frequent fission and fusion processes \[[@b7]\]. Recently developed methods include also fluorescence resonance energy transfer and recording the image data in three spatial dimensions over time (*i.e.* 4D-imaging), as well as 4Pi- and STED-microscopy \[[@b9], [@b13]\]. Having higher spatial resolutions (∼100 nm), these techniques possess rather limited time resolution necessary for the studies of fast changes in mitochondrial network and morphology \[[@b13]\].

It is known that specific mitochondrial distribution and organization in the cell can be achieved by the movement of these organelles along the cytoskeleton filaments (*e.g.* actin or microfilaments) and attachment to the cytoskeleton using specific motor and connector proteins \[[@b10], [@b14], [@b15]\]. Importantly, defects in mitochondrial dynamics may contribute to a variety of human diseases, in particular neurological diseases \[[@b16]--[@b19]\]. Mitochondrial movement is metabolically regulated and can be rather rapid in some cells like neurons and serve to direct mitochondria to cellular regions of locally high ATP demand to provide energy (and Ca^2+^ buffering capacity), or to transport mitochondria destined for elimination \[[@b14], [@b20]\]. Alternatively, mitochondria can be rather fixed in their positions in cells such as adult cardiomyocytes or skeletal muscles, pointing to the cell type specificity of mitochondrial dynamics. However, all aspects of mitochondrial dynamics mentioned above were not studied in pancreatic cells. Among metabolic diseases, mitochondrial diabetes is the consequence of dysfunction of pancreatic cells caused by mutations in mitochondrial DNA \[[@b21], [@b22]\]. The impact of such mutations on β-cells function reflects the importance of mitochondria in the control of insulin secretion. The mitochondria of these cells serve as fuel sensors, generating factors that couple nutrient metabolism to the exocytosis of insulin-containing vesicles. The latter process requires an increase in cytosolic Ca^2+^, which, in turn, depends on ATP synthesized by the mitochondria \[[@b22]\].

Most mitochondrial imaging studies were performed on tumour derived cells (*e.g.* HeLa cells), which may have abnormal bioenergetic properties with possible consequences also for mitochondrial dynamics. In our study, using fast imaging technique and specific fluorescent probes we analysed dynamics of mitochondria in intact cells isolated from human pancreas, including transient changes in mitochondrial morphology, organization and position. Our data demonstrated a highly dynamic mitochondrial behaviour and complex patterns of morphological changes and intracellular motions of mitochondria comparable with mitochondrial dynamics reported in neurons \[[@b14], [@b15]\], showing, however, absolutely new variations in mitochondrial shapes and dynamics in pancreatic cells. This provides further competence of mitochondria to modify their metabolism by flexible remodelling of the mitochondrial network for multiple, heterogeneous and possibly region-specific cellular functional requirements and for the integration of mitochondria with other intracellular organelles and systems (endoplasmic reticulum, Golgi, nucleus, cytoskeleton, etc.) \[[@b23]--[@b28]\].

Materials and methods
=====================

Materials
---------

All chemicals, including the mitochondria specific fluorescent dye tetramethylrhodamine methyl ester (TMRM), were obtained from Sigma (St. Louis, MO, USA) except MitoTracker~®~ Green (Molecular Probes, Eugene, OR, USA).

Islet isolation
---------------

Human pancreata were retrieved from heart-beating cadaveric donors at the time of multi-organ harvest for transplantation. Research use of tissue was according to Austrian Law. Following vascular flushing with University of Wisconsin solution (UW), the pancreas was removed and used for the islet isolation. Human islets were isolated using the method of Ricordi *et al.*\[[@b29]\] with slight modifications as described elsewhere \[[@b30]\]. Briefly, a cold solution of 2 mg/ml liberase enzyme blend (Roche Molecular, Indianapolis, IN, USA) in Hank's balanced salt solution (HBSS) (PAN Biotech GmbH, Aidenbach, Germany) supplemented with 0.2 mg/ml DNase I (Boehringer-Mannheim, Montreal, Quebec, Canada) was infused into the main pancreatic duct of head and tail using a pressure- and temperature-control perfusion apparatus. The distended pancreas was placed in a sterilized stainless steel digestion chamber (Oberhammer, Innsbruck, Austria), through which HBSS was recirculated at 37°C, for 20 min. Extent of tissue digestion was assessed by staining aliquots with dithizone (Sigma). Islets were visualized under an inverted light microscope (IX-70, Olympus, Vienna, Austria). The digestion process was terminated by cooling the circuit to 5°C to 10°C when 50% of islets were free of surrounding acinar tissue. Then islets were collected, centrifuged (400 ×*g*) and washed three times in HBSS. After that islets were purified on a continuous Euro-Ficoll density gradient (Biocoll Biochrome, Berlin, Germany) using a COBE 2991 Cell Processor (COBE BCT, Denver, CO, USA). Immediately after isolation, islets were cultured (under adherent conditions) on eight-chambered Lab-Tek Coverglasses (Nalge Nunc International, Rochester, NY, USA) in 400 μl of RPMI-1640 medium (PAA, Linz, Austria) supplemented with 10% FCS (Life Science, Milan, Italy), 2 g/l (11.1 mM) glucose, penicillin (100 U/ml), streptomycin (100 μg/ml; PAA) and L-glutamine (20 μg/ml; Gibco/Invitrogen, Carlsbad CA, USA) at 37°C and 5% CO~2~. After 72 hrs cultivation TMRM (0.1 μM) was added directly to the chambers.

Confocal microscopy
-------------------

To investigate mitochondrial distribution, morphology and movement, the mitochondria-specific fluorescent dye TMRM was used. TMRM is a lipophilic, cell permeable, cationic, nontoxic, fluorescent dye that specifically stains live mitochondria \[[@b31]\]. TMRM is accumulated in mitochondria depending on the inner membrane potential. Cultured cells were loaded with TMRM (0.1 μM) by incubating them for 30 min. at room temperature (21--22°C) in serum-free culture medium with 2 g/l glucose. In separate series of experiments cells were loaded also with another established mitochondrial specific probe MitoTracker~®~ Green (0.2 μM, Molecular Probes). Incubation and confocal imaging analysis of cells was performed in Lab-Tek eight-chambered coverglasses (Nalge Nunc International, Naperville, IL, USA). Mitochondrial imaging in live cells was acquired with a microlens-enhanced Nipkow disk-based confocal system UltraVIEW RS (Perkin Elmer, Wellesley MA, USA) mounted on an Olympus IX-70 inverse microscope (Olympus, Nagano, Japan) with a 40× water immersion objective (LUM-PlanFI/IR, NA 0.8). In time series, mitochondrial images were collected every second during 5--10 min. (300--600 images were collected in each experimental set). Minimum laser power was used to minimize photobleaching. Nevertheless, the fluorescence intensity of TMRM was slightly decreased over long observation time, showing yet no oscillations of the signal ([Fig. 1](#fig01){ref-type="fig"}). The MitoTracker~®~ Green fluorescence signal was monitored with the 488 nm line of a laser for excitation and TMRM fluorescence was analysed using 546 nm for excitation. Image acquisition and analysis were done using the UltraVIEW RS software. All images were corrected by subtraction of background fluorescence.

![TMRM fluorescence in human pancreatic cells over time shows a slight decline and no oscillations of the signal intensity. Note that time of this test (∼2000 sec.) exceeds markedly a typical observation time used in our study. Data of five different cells are presented.](jcmm0014-0417-f1){#fig01}

Results
=======

Intracellular organization of pancreatic mitochondria
-----------------------------------------------------

In our study mitochondrial imaging in pancreatic cells was performed by the mitochondria-specific dye TMRM, which is widely used for the analysis of static and dynamic mitochondrial arrangement in various cell types \[[@b8], [@b11], [@b30]--[@b34]\]. Mitochondrial imaging was also performed using additional mitochondria-specific probe MitoTracker Green. In experiments combining MitoTracker Green and TMRM fluorescence co-localization of these mitochondria-specific probes was demonstrated (data not shown). Also, at the concentrations used in this study, both TMRM and MitoTracker~®~ Green had no effect on mitochondrial dynamics and cell viability over long time (up to 2 days) incubation of human pancreatic cells. They also did not change functional parameters of mitochondria as measured by high-resolution respirometry (data not shown). Moreover, no oscillations (flickering) of the TMRM signal were observed ([Fig. 1](#fig01){ref-type="fig"}), which are early signs of permeability transition \[[@b35]\]. All these data confirm that fully functional mitochondria were studied during entire time of observation.

[Figure 2](#fig02){ref-type="fig"} demonstrates the typical arrangement of mitochondria in living human primary pancreatic cells visualized by TMRM, showing an intensely branched network of thread-shaped organelles, and sometimes also very long network resembling wire-based structures ([Fig. 2](#fig02){ref-type="fig"}, right panel). Notably, mitochondrial filaments may differ by a factor of 100 in length (ranging from less than 0.4 to greater than 40 μm), but at the same time they have similar diameter (about 0.2 μm). Subsets of separated short tubular mitochondria or even individual spherical organelles were also observed ([Fig. 2](#fig02){ref-type="fig"}), reflecting thus heterogeneity in mitochondrial morphology. In some cells a dense mitochondrial network uniformly covered the whole cell (arrows in [Fig. 2](#fig02){ref-type="fig"}). Other cells showed a less dense network with more elongated mitochondrial threads surrounding nuclei (N).

![Typical mitochondrial network in human pancreatic cells visualized by mitochondrial fluorescent probe TMRM. In some cells the mitochondrial network covers the whole cell (left panel, arrows), whereas other cells show elongated mitochondrial threads surrounding nuclei (N). Note that mitochondrial morphology vary from small, sphere like mitochondria to very long up to 30 μm long mitochondrial filaments (right panel). Scale bar, 10 μm.](jcmm0014-0417-f2){#fig02}

Mitochondrial fission/fusion
----------------------------

Time series imaging of pancreatic mitochondria by collecting 300--600 images revealed that these organelles continually divide and fuse to form a dynamic interconnecting network. [Figure 3](#fig03){ref-type="fig"} demonstrates that the formation of short tubular mitochondria can be a result of fragmentation (fission) of long mitochondrial threads (*cf.* [Fig. 3A](#fig03){ref-type="fig"} and dashed box in [Fig. 3B](#fig03){ref-type="fig"}), where mitochondrial network collapses into shorter separated filaments. [Figure 3C](#fig03){ref-type="fig"} shows that this process can be fast and one mitochondrial thread may be divided into three fragments during about 100 sec. (see also supplementary video file: Kuz 1 Fission). Another example of the fission/fusion dynamics is shown in [Fig. 4](#fig04){ref-type="fig"}. Again, the branched mitochondrial network was divided into three fragments ([Fig. 4A](#fig04){ref-type="fig"}), whereas [Fig. 4B](#fig04){ref-type="fig"} shows the opposite process of fusion of two network branches (or even two separated networks, see also supplementary video file: Kuz 2 Fusion).

![Fragmentation of mitochondrial network filaments in human pancreatic cells. (A) Continuous mitochondrial network. (B) Partially fragmented mitochondrial network with shorter separated filaments (dashed box). (C) Dynamics of mitochondrial fission. Fast division of long filament into three fragments (arrows) occurred during about 100 sec. (A) and (B): Scale bar, 5 μm. (C): Scale bar, 1 μm. The video file for [Fig. 2C](#fig02){ref-type="fig"} is available under 'Supporting Information'.](jcmm0014-0417-f3){#fig03}

![Remodelling of mitochondrial network in human pancreatic cells. Dynamics of network fragmentation (A) and fusion of two network branches (B) is shown (arrows). Note that similar time (∼100 sec.) is required for both fission and fusion processes (*cf.* [Fig. 2C](#fig02){ref-type="fig"}). Scale bar, 1 μm.](jcmm0014-0417-f4){#fig04}

Mitochondrial motions
---------------------

In addition to permanent mitochondrial fission/fusion, highly dynamic multidirectional movement of TMRM stained mitochondria was observed in human pancreatic cells. While some mitochondria were rather fixed in their position, others were in fast and independent movement (frequently changing their direction) or changed their state between movement and immobility. [Figure 5](#fig05){ref-type="fig"} demonstrates an example of displacement of one small ring-shaped mitochondrion (arrow) with a velocity of ∼0.2 μm/sec. and, in the same time, another similar size and shape mitochon drion (asterisk) which is fixed over the entire observation time. [Figure 6](#fig06){ref-type="fig"} shows the combination of small amplitude fluctuations in mitochondrial network, long-distance (∼20 μm) occasional translocation of single mitochondrion (circles, dotted arrows) at a velocity comparable to the motility of mitochondria in human fibroblasts \[[@b36]\], together with fast 'back and forth' fluctuating branching (arrows) in mitochondrial network (see supplementary video file: Kuz 3 Branching). Moreover, we observed also new unusual types of mitochondrial shape and dynamics. In human pancreatic cells mitochondria may rapidly form structures such as separated rings ([Fig. 5](#fig05){ref-type="fig"}), rings or loops at the end ([Figs 7](#fig07){ref-type="fig"} and [8](#fig08){ref-type="fig"}) or in the middle of mitochondrial filament ([Fig. 5](#fig05){ref-type="fig"}). The internal loops can be created by the fusion of two parallel threads located close to each other, and a division of such a structure from both sides may lead to formation of small mitochondrial rings. The dynamic of the formation of mitochondrial rings at the end of a filament is shown in [Fig. 7](#fig07){ref-type="fig"} (as well as their opening, see dashed circle). It can be seen that formation of such ring structures takes again about 100 sec. and can be in combination with mitochondrial branch creation/extension ([Fig. 8](#fig08){ref-type="fig"}).

![Mitochondrial dynamic motion in human pancreatic cells. Rapid intracellular displacement (move and stop) of individual mitochondrion (arrow) with velocity of ∼0.25 μm/sec. can be seen. Note that another similar size and shape mitochondrion (asterisk) is fixed in its position. Scale bar, 1 μm. The video file for this figure is available under 'Supporting Information'.](jcmm0014-0417-f5){#fig05}

![Complex pattern of mitochondrial motility in human pancreatic cells. Combination of (*i*) small amplitude fluctuations, (*ii*) long-distance (∼20 μm) occasional translocation of single mitochondrion (circles, dotted arrows) and (*iii*) fast 'back and forth' branching in mitochondrial network (arrows) is shown. Scale bar, 5 μm. The video file for this figure is available under 'Supporting Information'.](jcmm0014-0417-f6){#fig06}

![Dynamic ring formation at the end of mitochondrial filament. Note that this process can be reversible (dashed circle). Scale bar, 1 μm.](jcmm0014-0417-f7){#fig07}

![Combination of ring at the end of mitochondrial filament with fast branch formation. Note that more intense signal is observed in the sites of mitochondrial branch formation (dashed circle). Scale bar, 1 μm.](jcmm0014-0417-f8){#fig08}

Formation of mitochondrial knots
--------------------------------

Besides the very interesting phenomenon of high amplitude forward and backward branching of mitochondrial network found in our study ([Fig. 6](#fig06){ref-type="fig"}), the most exiting observation was an occasional formation of highly dynamic mitochondrial 'knots' created from one ([Fig. 9](#fig09){ref-type="fig"}) (for more detailed information see supplementary video-movie file: Kuz 4 Knot) or even more ([Fig. 10](#fig10){ref-type="fig"}) mitochondrial threads. This type of mitochondrial behaviour in pancreatic cells includes very complicated multidirectional movements of opposite ends of individual mitochondria for 'knot' formation (arrows in [Fig. 9](#fig09){ref-type="fig"} indicate the direction of the filament movement) and represents to our knowledge the most complex type of mitochondrial dynamic motion in living cells.

![New level of the complexity of mitochondrial dynamics in human pancreatic cells. Dynamic formation of mitochondrial 'knot' from single mitochondrial filament. Complex multidirectional movement of mitochondrial thread is indicated by arrows. Scale bar, 1 μm. The video file for this figure is available under 'Supporting Information'.](jcmm0014-0417-f9){#fig09}

![Formation of mitochondrial dynamic 'knot' from separated mitochondrial threads (arrow). Scale bar, 1 μm. The video file for this figure is available under 'Supporting Information'.](jcmm0014-0417-f10){#fig10}

Discussion
==========

Recent studies have implicated an important role of mitochondrial dynamics in living cells and ability of mitochondrial network for rapid remodelling, suggesting important roles of multiple interactions of mitochondria with other cellular structures, and demonstrating also tissue-specific patterns of their intracellular organization \[[@b20], [@b23]--[@b28], [@b37]\]. Mitochondrial morphology is different in various cell types, and may vary from small spheres, short rod-like shape, spaghetti-like shape and long branched tubules. In some cell types mitochondria may be single evenly distributed within the entire cell \[[@b8]\], whereas other cells may display tightly clustered organelles \[[@b12], [@b33]\] or complex and dynamic networks of interconnected mitochondria with very long filaments ([Fig. 1](#fig01){ref-type="fig"}, right panel). This is consistent with the idea of several levels of mitochondrial networks \[[@b20]\], that may serve as an efficient system to deliver energy between different regions of the cell and such electrical connections across a mitochondrial reticulum may be crucial for mitochondrial synchronization and cellular physiology \[[@b11], [@b12]\]. In addition, a continuous mitochondrial network may provide a mechanism for Ca^2+^ tunnelling. Our imaging study of the morphology and distribution of the mitochondria in primary human pancreatic cells under standard cell culture conditions showed the presence of both branched tubular network and short separated mitochondria (see [Fig. 2, 3B](#fig02){ref-type="fig"} and [5](#fig05){ref-type="fig"}) which may constitute 2--5% of the total mitochondrial population. In most of the cells, long perinuclear threads of mitochondria or interconnected network surrounding nucleus (N) can be clearly seen ([Fig. 2](#fig02){ref-type="fig"}, left panel), which is rather usual also for some other cell types \[[@b7], [@b8], [@b33], [@b38]\]. It has been suggested that such an organization may help to generate energy (ATP) in vicinity of the nucleus \[[@b39]\], providing basis for the integrated phosphotransfer network and metabolic channelling between mitochondria and nuclei \[[@b24]\], playing thus an important role in the mechanisms for nuclear import and for regulating a variety of other nuclear functions.

Fission/fusion
--------------

Previous studies have demonstrated also that in many cell types mitochondria may be very dynamic, rapidly changing their morphology by fission--fusion \[[@b7]\], depending on metabolic state \[[@b20], [@b40]--[@b42]\]. Fusion and fission continuously change mitochondrial shape under physiological (*e.g.* cellular division) and pathophysiological conditions \[[@b18], [@b40], [@b41]\], participating also in the control of apoptosis \[[@b43]\]. The precise balance between these two processes might therefore play a key role in mitochondrial and cellular function. In our study, a great variety of mitochondrial shapes ([Fig. 2](#fig02){ref-type="fig"}) and network remodelling ([Fig. 3](#fig03){ref-type="fig"}) thought to be a result of fast and continuous fission and fusion ([Figs 3C](#fig03){ref-type="fig"} and [4](#fig04){ref-type="fig"}). For example [Fig. 4A](#fig04){ref-type="fig"} shows network fragmentation and [Fig. 4B](#fig04){ref-type="fig"} opposite process of fusion of two separated networks, demonstrating also that similar time may be required for both events. These results suggest that complex intracellular organization of human pancreas mitochondria is dynamically regulated by continuous fusion and fission. Notably, the time scale of mitochondrial dynamics in human pancreatic cells ([Figs 3C](#fig03){ref-type="fig"} and [4](#fig04){ref-type="fig"}) is comparable with recently reported data on mitochondrial fission/fusion in INS1 and COS7 cells, describing 'kiss and run' mitochondrial behaviour with brief fusion (during about 100 sec.) followed by fission \[[@b44], [@b45]\].

Interestingly, a more intense TMRM signal can be observed in sites of mitochondrial branch formation (*e.g.* [Fig. 8](#fig08){ref-type="fig"}, dashed circle). This is consistent with the phenomenon of heterogeneous distribution of membrane potential along single mitochondrial filament described in the recent review of Benard and Rossignol \[[@b20]\] and may reflect region-specific increase in membrane potential (probably necessary for fusion or branch formation). It is thus possible that remodelling of mitochondrial network may, at least in part, be modulated by membrane potential, in line with its role also for mitochondrial movement \[[@b46]\].

Mitochondrial motility
----------------------

Mitochondrial movement within the cell thought to supply more ATP at sites of high ATP demands \[[@b14]\]. In addition, mitochondria may be recruited to provide Ca^2+^-buffering capacity for local calcium regulations \[[@b14]\]. Many diseases, in particular neurological diseases, are associated with mutations in proteins that control mitochondrial dynamics \[[@b16]--[@b19], [@b40], [@b41]\]. The most common types of mitochondrial dynamic motion observed in our study were: (*i*) small oscillatory movements in the mitochondrial network, (*ii*) long-distance intracellular translocation of separated mitochondria ([Figs 5](#fig05){ref-type="fig"} and [6](#fig06){ref-type="fig"}) and (*iii*) larger movements in network including filament extension, retraction, fast branching ([Fig. 8](#fig08){ref-type="fig"}) as well as combinations of these actions ([Fig. 6](#fig06){ref-type="fig"}), demonstrating thus a heterogeneity of mitochondrial dynamics. For example it can be repeatedly seen that, whereas one mitochondrion rapidly move and stop (arrow), other similar size/shape organelle (\*) is fixed during entire period of observation ([Fig. 5](#fig05){ref-type="fig"}). Similar to morphological alterations (fusion), intracellular movement of mitochondria can be significantly inhibited by mitochondrial membrane depolarization or under conditions of inhibited respiration and ATP synthesis \[[@b46]\].

Rapid branching of mitochondrial network, unusual shapes of mitochondria
------------------------------------------------------------------------

Interestingly, branches can be rapidly and often formed from the main mitochondrial trunk (arrows in [Figs. 6](#fig06){ref-type="fig"} and [8](#fig08){ref-type="fig"}), or by fast extensive filament elongation, extending its length up to 10 folds. These processes occur without visible changes in thickness of tubular mitochondria (filaments were not observed becoming thinner upon their extensive elongation). It seems also that processes of branch formation/elongation observed in pancreas mitochondria are usually faster than fission/fusion (*e.g.* it may take only ∼10 sec., see [Fig. 6](#fig06){ref-type="fig"}). This fast formation, elongation and/or 'backward and forward' oscillations of mitochondrial branches are thought to provide a mechanism for searching potentially important connections of mitochondria with each other or with other cellular structures like ER and elements of cytoskeleton, which could be crucial for organization of the optimal network \[[@b20], [@b23]--[@b27], [@b37]\]. Similarly, unusual shapes of mitochondria like rings and loops at the end of mitochondrial filament frequently seen in pancreatic cells ([Figs. 7](#fig07){ref-type="fig"} and [8](#fig08){ref-type="fig"}) and in some other studies \[[@b20]\] could serve to envelop small vesicles and structures (*e.g.* fragmented Golgi), and this wrapping can be reversible (*cf.* [Fig. 7](#fig07){ref-type="fig"}, dashed circle).

Knots formation
---------------

Anterograde and retrograde mitochondrial movements along microtubules and actin filaments are known for various cell types (neurons, budding yeast, etc.) \[[@b14], [@b15], [@b40], [@b41], [@b47]\]. In human pancreatic cells however we occasionally observed more complex mitochondrial movements. In these cells, for the first time, we were able to detect astonishing formations of knots created from one or more mitochondrial threads as a result of complex movements (forward/backward) of opposite ends of individual filaments ([Figs. 9](#fig09){ref-type="fig"} and [10](#fig10){ref-type="fig"}). This first evidence for the very complicated dynamic behaviour of mitochondria indicates that our knowledge regarding general mechanisms of mitochondrial intracellular motility in mammalian cells is far from its full understanding and that the patterns of mitochondrial dynamics in mammalian cells may be much more complex as it has been considered. More attempts, including simultaneous imaging of other intracellular structures like cytoskeleton, Golgi, etc., will be required in the future to identify and characterize complex mitochondrial interactions. It is also interesting and unclear if some elements of the complex mitochondrial behaviour are a feature of only human pancreatic cells or represent a rather general phenomenon for cells with similar mitochondrial morphology and arrangement.

In summary, we report here new patterns and new level of complexity of highly dynamic morphological changes and intracellular movements of mitochondria in living human pancreatic cells. Our data demonstrate also heterogeneity of mitochondria under normal growth conditions, which at least in part may be caused by their complex dynamics.
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